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cannot acquire dynamical heating by falling to a lower level—it is already at the bottom. It must also be noted that the paradoxical results under discussion, " cooling by warming/' as Shaw1 has called it, and its counterpart, warming by cooling, apply to isolated masses of air. When the whole of each layer of air of the same level undergoes the same temperature change, and when this change is but slightly different from that of the next higher or lower level, as obviously is the case over flat regions on still, clear nights, there can be but little local convection, and, therefore, but little dynamical heating. There still will be night cooling, however, of the free air through at least the lower kilometer or more, but it will be distributed approximately uniformly and nowhere localized in that manner which, as just explained, is essential to marked convection. Valley Surface.—Since all portions of the valley surface are equally exposed, or nearly so, to the sky, and since the covering is uniform, it follows that on clear nights each portion must lose heat by radiation at a rate that varies closely only with its temperature. At the same time the surface also acquires heat partly by absorption and partly by conduction. But during still, clear nights the net loss of heat by the valley surface, whatever its nature, is more rapid than is the net loss of heat by the slowly radiating free air. Indeed, it may even be assumed, as a rough approximation, that the atmosphere neither emits nor absorbs radiation; that only the surface covering is effective in these respects, and hence, that all temperature changes of the valley air are results of heat conduction to or from the valley surface and of dynamical heating or cooling.
Surface Air.—Any change in the temperature of the surface is communicated in greater or less measure by conduction, radiation, diffusion, and convection to all the neighboring atmosphere. But as chilled air tends to fall vertically, appreciable cooling, in this case, extends through only a relatively thin surface layer, as often is obvious to one on crossing a ravine.
Consider then a thin layer of air close to the surface of one of the valley walls, and follow its movements and temperature changes on a still, clear night. As the surface cools, which it does everywhere, the temperature of the adjacent air is also reduced and its density thereby correspondingly increased. Hence as soon as this cooling has proceeded to a lower temperature than that of the free atmosphere at the same elevation the surface air on the valley walls begins to flow to lower levels; overrunning, of course, any pockets of colder air that may be in its path. The turbulence resulting from this flow continuously, and at all places along its course, causes more or less of the initially chilled air to be separated from the surface, there abandoned, temporarily or permanently, and underrun by other air. Clearly, too, the amount of turbulence and 1" Forecasting the Weather," 2nd Ed., p. 213.

